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Description
Technical Field

[0001] The present invention relates to a monitoring and diagnosing device that monitors and diagnoses operating
condition of working machines represented by construction machines such as hydraulic excavators. A device for mon-
itoring and diagnosing abnormality of a working machine comprising the features described in the preamble portion of
patent claim 1 has been known from EP 2 112 494 A1.

Background Art

[0002] Some working machines, for example, construction machines such as large hydraulic excavators operating at
sites such as mines are required to continuously operate 24 hours 365 days with virtually no stop. Such machines need
to be preventively maintained in their best condition by conducting maintenance operations before the machine comes
to an abnormal stop. In general, special maintenance personnel periodically checks and examines the machines for
abnormalities, and if an abnormality is found, a necessary maintenance operation is performed to maintain the machine
in a good condition.

[0003] To perform such checking and maintenance operation, however, the machine needs to be stopped. For an
operator or manager who wishes to operate the machines continuously, the checking and maintenance operations can
be an operational obstacle so long as the machines are in good condition.

[0004] In view of this, abnormality-diagnosing techniques have been developed that use various sensors to analyze
the machine condition and monitor for abnormalities. Importance of preventive maintenance by use of an abnormality-
diagnosis technique has become recognized in view of preventing occurrence of machine trouble by detecting abnor-
malities and taking early maintenance measures before the machine comes to an abnormal stop.

[0005] Meanwhile, although machine manufacturers are deeply committed to developing diagnostic algorithm for
abnormality diagnosis, difficulty with the development of the algorithm has prevented appropriate diagnosis to be made
in some cases. The reason appropriate determination is difficultis that the experimental environmentin which experiments
were performed in the algorithm development differs from the operational environment and operational form in which a
user uses the machines.

[0006] Under such situations, inventions have been devised that are intended to conduct determination according to
measurement results obtained in an actual environment. JP 2005-241089 A and JP 1993-256741 A describe inventions
that detect abnormality in machines or plant equipment using statistical properties or similarity levels of input signals
indicating the operational condition of the machine or plant equipment. JP 2000-1322558 A discloses an invention that
processes data through interactive dialog with a user so as to render cluster classification appropriate. JP 2002-288781
A describes an invention that eliminates determination errors by detecting sensor abnormalities as well.

[0007] EP 2 112 494 A discloses a machine diagnosing method and a system that are adapted to store frequency
distribution information showing a relationship between intensity of a signal related to engine output of the machine and
an occurrence frequency whenever the machine is operated for a predetermined time, and which are adapted to detect
adecrease in engine output by arranging in time series the pieces of frequency distribution information and by comparing
these pieces of frequency distribution information with each other, to thereby enable an abnormality/failure diagnosis of
a machine to be carried out without use of threshold values.

[0008] JP 2007-257366 A discloses a diagnosing method and a system that are adapted to prepare, with data detected
by detection means, an actual data set when the state of an object is not decided, and to determine whether the state
of the object is normal on the basis of the actual data set and abnormal neuron sets stored in abnormal neuron set
storage means and further to diagnose the kind of abnormal state in the object on the basis of the actual data set and
the abnormal neuron sets stored in the abnormal neuron set storage means, thereby to enable more accurate diagnosis
to be carried out.

[0009] Even with the methods and systems disclosed in the above two documents, however, when strong similarity
appears between input signals under a normal operational state and abnormal operational state, erroneous determination
may occur.

Summary of the Invention
Problems to be Solved by the Invention
[0010] However, the above conventional techniques have the following problems.

[0011] Inall ofthe above conventional techniques, statistical distance as that used in the Mahalanobis-Taguchi method
is employed to classify the input data used for abnormality determination. Determination is made based on the magnitude
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of the statistical distance, and when the statistical distance is equal to or lower than a reference value, the machine or
device of interest is determined to be normal. However, when a working machine is to operate in various manners,
similarity between input signals under a normal operational state and abnormal operational state may be strong in some
cases. In such cases, even if the machine state is abnormal, it is possible that the machine is erroneously determined
normal as the statistical distance is equal to or below the reference value.

[0012] WO 2009/150251 A1 discloses a lift installation maintenance method in which acceleration sensors are eval-
uated and alarms and/or service reports are generated under certain conditions.

[0013] JPH 07295628 A discloses a plant abnormality diagnostic method in which sensor quantities are monitored
and comparted with thresholds.

[0014] The present invention has been made with the above problems in mind, and an object of the invention is to
provide a construction machine comprising a monitoring and diagnosing device configured so thatit can preventerroneous
determination and perform appropriate diagnosis even when strong similarity appears between input signals under a
normal operational state and abnormal operational state.

[0015] The above object is accomplished with a construction machine comprising the features of patent claim 1.
[0016] Dependent claims are directed on features of preferred embodiments of the invention.

[0017] A monitoring and diagnosing device of said construction machine performs diagnosing using not only the
operational data classification information but also the operational data frequency comparison information. Therefore,
even when the similarity between input signals under a normal operational state and an abnormal operational state is
strong, erroneous determination is reduced and appropriately diagnosis to be carried out is more likely.

Effects of the Invention

[0018] According to the present invention, a construction machine has said monitoring and diagnosing device that can
adaptively learn operational states of said construction machine that works in various manners, and even when strong
similarity appears between the input signals under a normal operational state and abnormal operational state, erroneous
determination can be reduced.

[0019] In the following specification, references to the "invention" address the invention as subjectively conceived by
the inventors. Groupings and combinations of features, such as embodiments, reflect editorial results. The patentable
feature combination is laid out in claim 1.

Brief Description of the Drawings
[0020]

Fig. 1 is a diagram showing the configuration of a monitoring and diagnosing device according to a first embodiment;
Fig. 2 is a diagram showing the structure of operational data input to the monitoring and diagnosing device;

Fig. 3 is a diagram showing the structure of classification data (reference classification information) read out from
a classification information storage section;

Fig. 4A is a diagram showing the data structure of a nearest-neighbor classification number (operational data
classification information) created by a data classifier section;

Fig. 4B is a diagram showing the data structure of normalized statistical distances "d" (operational data classification
information) created by the data classifier section;

Fig. 5 is a diagram showing a frequency table created by a frequency comparator section;

Fig. 6 is a diagram showing time duration data and a reference frequency table, both read out from a frequency
information storage section;

Fig. 7 is a diagram showing a process flow of a diagnosis performed by the monitoring and diagnosing device;
Fig. 8A is a side view of a hydraulic excavator showing part of the configuration thereof;

Fig. 8B is a top view of the hydraulic excavator showing part of the configuration thereof;

Fig. 9 is a diagram showing a controller network incorporated in the hydraulic excavator;

Fig. 10 is a diagram that shows operating pressures (operational data) and track tension (pressure) measured by
pressure sensors and recorded and monitored by a vehicle body controller, the diagram showing the operational
data obtained during a normal operational state;

Fig. 11 is a diagram that shows operating pressures (operational data) and track tension (pressure) measured by
the pressure sensors and recorded/monitored by the vehicle body controller, the diagram showing the operational
data obtained during an abnormal operational state;

Fig. 12 is a diagram that shows normalized statistical distances of respective time-of-day in the order that the
operational data were input, and the diagram also shows moving average values thereof of a predetermined time
(here, 50 unit time);
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Fig. 13 is a diagram that shows frequency ratios of operation patterns of when track tension is too high (abnormal
operation) and those of when track tension is low (normal operation);

Fig. 14 is a diagram that shows the specific operation patterns of the identification number which has the highest
frequency in the abnormal operation;

Fig. 15 is a diagram that shows sensor values of operating pressures and operational states of the engine measured
in a time period that includes a non-operating period of the hydraulic excavator;

Fig. 16 is a diagram that shows the engine operational states of the hydraulic excavator in two divided periods of
time (a first period and a second period);

Fig. 17 is a diagram that shows the operation patterns and their frequencies observed in the two periods shown in
Fig. 16;

Fig. 18 is a diagram indicating that an operation pattern whose frequency has increased in the second period relative
to that in the first period represents a "non-operating state" in which no operation is performed by the hydraulic
excavator;

Fig. 19 is a diagram that shows exhaust temperature sensor values (operational data) of each engine cylinder in
the hydraulic excavator measured by the temperature sensors and recorded and monitored by the vehicle body
controller in a third period of time, the diagram showing the operational data obtained during a normal operation;
Fig. 20 is a diagram that shows exhaust temperature sensor values (operational data) of each engine cylinder in
the hydraulic excavator measured by the temperature sensors and recorded and monitored by the vehicle body
controller in a fourth period of time, the diagram showing the operational data obtained during an abnormal operation;
Fig. 21 is a diagram that compares the frequencies of operation patterns (operational data classifications) obtained
during an abnormal operation period with those of a normal operation period, and the diagram is also a display
example of frequency comparison data;

Fig. 22 is a diagram that shows the relation of operation patterns and cylinder exhaust temperatures of the engine
measured during the abnormal operation;

Fig. 23 is a diagram showing the configuration of a monitoring and diagnosing device according to a second em-
bodiment;

Fig. 24 is a diagram showing a process flow relative to display of operational data frequency comparison information
generated by a frequency comparator section, which is one of the processing functions of the monitoring and
diagnosing device shown in Fig. 23;

Fig. 25 is a diagram that shows diagnostic results output from an abnormality diagnosing section, and the diagram
is an example of an output screen image displayed when it has been judged that there is an abnormality by comparing
the frequency ratio data and the reference frequency ratio data of frequency comparison data such as that shown
in Fig. 21;

Fig. 26 is a diagram showing a detailed information display screen displayed when the upper reference link speci-
fication item shown in Fig. 25 is selected;

Fig. 27 is a diagram showing a process flow relative to display of diagnostic result data generated by the abnormality
diagnosing section 103, which is one of the processing functions of the monitoring and diagnosing device shown in
Fig. 23;

Fig. 28 shows another display example of frequency comparison data;

Fig. 29 is a diagram showing the configuration of a classification information generating device 29;

Fig. 30 is a diagram showing the configuration of a frequency information generating device 30; and

Fig. 31 is a diagram showing an exemplary configuration of a monitoring and diagnosing device which is such that
a frequency information generator section is incorporated in the monitoring and diagnosing device of Fig. 1 so that
the monitoring and diagnosing device is provided with a function of a frequency information generating device.

Modes for Carrying Out the Invention
[0021] Hereunder, embodiments will be described using the accompanying drawings.
First Embodiment

[0022] Fig. 1 is a diagram showing the configuration of a monitoring and diagnosing device according to a first em-
bodiment.

[0023] The monitoring and diagnosing device 1 includes a data classifier section 101 (a first data classifier section),
a classification information storage section 102, an abnormality diagnosing section 103, a frequency comparator section
104, and a frequency information storage section 105.

[0024] A construction machine, which is to be subjected to the monitoring and diagnosis, is provided with a plurality
of sensors for detecting operational states thereof. The values detected by these sensors (sensor values) are compu-
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terized and then input as operational data to the monitoring and diagnosing device 1.

[0025] Fig. 2 is a diagram showing the structure of operational data input to the monitoring and diagnosing device 1.
As shown in Fig. 2, sensor value information of the operational data is respectively associated with data items A to C,
and the sensor value of each data item is associated with time-of-day information (hereinafter simply referred to as time
information) as time-series data. Fig. 2 shows operational data of three data items A to C of time "1" to "n".

[0026] Inthe presentembodiment, operational data is separated and described in two kinds according to their purposes
of use. One kind is diagnostic data, and the other kind is learning data. The operational data input to the monitoring and
diagnosing device 1 of the present embodiment is the diagnostic data, and the input diagnostic data is diagnosed to
derive diagnostic result data. Description on the learning data will be made later herein.

[0027] When operational data is input as diagnostic data to the monitoring and diagnosing device 1, the diagnostic
data is input into the data classifier section 101. The data classifier section 101 reads out classification data as reference
classification information from the classification information storage section 102 and compares the diagnostic data with
the classification data. Fig. 3 is a diagram showing the structure of the classification data (reference classification
information). As shown in Fig. 3, each classification data is associated with respective data values of the data items and
radius data. The classification data (reference classification information) were created in advance from operational data
input as the learning data (described later herein).

[0028] In the data classifier section 101, of the diagnostic data, one set of sensor values at each time-of-day, for
example, at time "1", an integrated set of sensor values A1, B1, and C1 are treated as one vector. Similarly, of the
classification data, one set of data values of each classification number, for example, regarding classification "1", an
integrated set of data values "a1", "b1", and "c1" are treated collectively as one vector. The data classifier section 101
compares each vector of the sensor values in the diagnostic data with the vectors of the data values in the classification
data. For the comparison, statistical distances D between vectors are calculated using a calculation method such as
Expression 3 that follows herein. When a vector X has components from x1 to xp, as shown in Expression 1, and a
vector Y has components from y1 to yp, as shown in Expression 2, the Euclidean distance D between the two vectors
are calculated by Expression 3.

[0029] The data classifier section 101 calculates the statistical distances between one vector of one sensor value set
in the diagnostic data at one time and all of the vectors of the data values in the classification data. The classification
number at which the statistical distance D becomes the smallest is selected as a nearest-neighbor classification number
(operational data classification information), and the number is output to the frequency comparator section 104. The
nearest-neighbor classification number (operational data classification information) output to the frequency comparator
section 104 is associated with time information as time-series data, as shown in Fig. 4A.

(Expression 1)

X = (% % %,) (1)

(Expression 2)

Y= (yiz}"ﬂt"'}"‘ﬁ) = (2)

(Expression 3)

D= \j(ﬁf’fl =)+ (xp =)+t (Xp - yp) ~(3)

[0030] Here, the statistical distance D of the nearest-neighbor classification number, more specifically, the statistical
distance D between the vector of the data values in the classification data corresponding to the nearest-neighbor clas-
sification number and the one vector of the one sensor value set in the diagnostic data is defined as the nearest-neighbor
distance. As shown in Expression 4, the data classifier section 101 divides the nearest-neighbor distance by the radius
data "r" of the classification data that corresponds to the nearest-neighbor classification number to obtain a normalized
statistical distance "d" (operational data classification information), and the normalized statistical distance "d" is output
to the abnormality diagnosing section 103. The normalized statistical distance "d" output to the abnormality diagnosing
section 103 is associated with time information as time-series data, as shown in Fig. 4B.

(Expression 4)
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d=D+7 - (4)

[0031] In such a way, the data classifier section 101 calculates the nearest-neighbor classification number and nor-
malized statistical distance "d" as operational data classification information, and outputs the former to the frequency
comparator section 104 and the latter to the abnormality diagnosing section 103.

[0032] Incidentally, the data classifier section 101 may extract, of all the classification data (reference classification
information) stored in the classification information storage section 102, only classification data that has been selected
by a user beforehand. Then, of all input diagnostic data (operational data), only the diagnostic data corresponding to
the selected classification data are extracted, and the extracted diagnostic data and classification data are compared
to thereby generate operational data classification information (nearest-neighbor classification number and normalized
statistical distance).

[0033] The frequency comparator section 104 compiles nearest-neighbor classification numbers that have been input
from the data classifier section 101 through a predetermined duration. The predetermined duration is read out from the
frequency information storage section 105 and referred to by the frequency comparator section 104 as duration data
601 as shown in Fig. 6. Assume here that the nearest-neighbor classification numbers, input from the data classifier
section 101, are classification numbers "k1" to "kn" that respectively correspond to the time "1" to "n", as shown in Fig.
4A. Each of the classification numbers "k1" to "kn" in Fig. 4A is one of the classification numbers of classification "1" to
"m" in the classification data shown in Fig. 3. The frequency comparator section 104 analyzes, for each classification
number "k1" to "kn", which of the classifications "1" to "m" corresponds thereto, calculates the appearance frequency of
each classification number (i.e., the appearance count of each classification number), and then creates a frequency
table 501 such as the one shown in Fig. 5. Frequencies "h1" to "hn" are tabulated in association with the classifications
"1" to "m" in the frequency table 501. Based on the frequency table 501 and the duration data 601 shown in Fig. 6,
frequency ratios "e1" to "em" are calculated as operational data frequency information. To be more specific, as shown
in Equation 5, the frequency comparator section 104 calculates the frequency ratios by dividing the frequency of each
classification by duration T. Thus, comparison not depending on the duration T can be executed.

(Expression 5)

e, =h+T (where i =1,--,m) = (5)

[0034] The frequency comparator section 104 compares the frequency ratios (operational data frequency information)
in the frequency table 501 and the frequency ratios (reference frequency information) in such a reference frequency
table 602 as the one shown on the right in Fig. 6, which are read out from the frequency information storage section
105, and thus creates frequency comparison data (operational data frequency comparison information). The reference
frequency ratios E1 to Em are tabulated in association with the classifications "1" to "m" in the reference frequency table
602 of Fig. 6. The reference frequency ratios (reference frequency information) in the reference frequency table 602
were created in advance from the operational data as learning data (described later herein). The comparison of the
frequency comparison data (operational data frequency comparison information) may be carried out using absolute
difference values derived as in Expression 6 or test rates of the frequency ratios derived as in Expression 7. The
differences, or "Diff" in Expression 6, or the test rate, or "Rate" in Expression 7 are the frequency comparison data
generated by the frequency comparator section 104. In addition, if the frequency comparison data is to be used only for
displaying on a screen of a display unit, the frequency comparison data may be a graphical representation containing
the operational data reference information and the reference frequency information, as shown in Fig. 21.

(Expression 6)

Diff, = Bei — E‘zg (where i=1,--,m) --(6)

(Expression 7)

Rate,=e¢ = E, (where i=1,,m) (7}

[0035] The abnormality diagnosing section 103 performs abnormality diagnosis of the operational data using the
normalized statistical distance output from the data classifier section 101 and the frequency comparison data output
from the frequency comparator section 104. The diagnosis is conducted in the following manner.

[0036] First, the abnormality diagnosing section 103 determines the diagnostic data to be in the normal range when
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the normalized statistical distance output from the data classifier section 101 is one or less, whereas it determines, when
the normalized statistical distance is greater than one, the diagnostic data not to be in the normal range, that is, to be
abnormal. The criterion value is one because normalization as shown in Expression 4, i.e., dividing the normalized
statistical distance by the radius data of the corresponding nearest-neighbor classification number is performed so that
the data (statistical distance) would not depend on the classification number. This diagnosis is conducted upon diagnostic
data of each time that has been input to the data classifier section 101. The abnormality diagnosing section 103 compiles
the diagnostic results of each time, and derives the abnormality diagnostic results of the diagnostic data according to
the statistical distances by use of such a criterion as whether data are continuously diagnosed abnormal within a pre-
determined time period, or whether a time in which data are diagnosed abnormal within a predetermined time period is
over a predetermined rate. Direct use of the individual diagnostic result of each time is avoided to suppress false or
dummy reporting. If the abnormality diagnosing section 103 collects diagnostic information inputted within a predeter-
mined time and determines the diagnostic information to be abnormal, this would be the output of the monitoring and
diagnosing device 1 as the diagnostic result data according to statistical distances.

[0037] Conversely, if the abnormality diagnosing section 103 collects diagnostic information inputted within a prede-
termined time and determines the diagnostic information to be normal, the abnormality diagnosing section 103 receives
frequency comparison data sent from the frequency comparator section 104, and diagnoses whether there is a classi-
fication number whose corresponding frequency comparison data is greater or smaller than a predetermined rate. Here,
it is assumed that the frequency comparison data were calculated using Expression 7. In the frequency comparator
section 104, when the frequency ratio of one classification of diagnostic data is about the same as the frequency ratio
of its corresponding reference frequency read out from the frequency information storage section 105, the test rate of
that classification ought to be close to one. If the test rate takes a value larger than one, for example, 1.5 or 2.0, it
indicates that the frequency ratio of the diagnostic data is high concerning the frequency ratio of the corresponding
classification. Ifthe test rate is smaller than one, itindicates that the frequency ratio of the diagnostic data is low concerning
the frequency ratio of the corresponding classification. This diagnosis based on the magnitude of the testrate is performed
for each classification. If the test rates of all classifications stay within a predetermined range, the diagnostic data is
determined to be normal and the result would be the output of the monitoring and diagnosing device 1 as the diagnostic
result data according to the frequency information.

[0038] Fig. 7 isa process flow diagram of the above diagnostic processing performed by the monitoring and diagnosing
device 1.

[0039] In the monitoring and diagnosing device 1, the data classifier section 101 reads in diagnostic data from an
external element (step s701) and also reads in classification data from the classification information storage section 102
(step s702). After this, the data classifier section 101 compares the diagnostic data and the classification data and
generates nearest-neighbor classification numbers and normalized statistical distances (step s703). Next, the abnormality
diagnosing section 103 receives and compiles the normalized statistical distances from the data classifier section 101
at a predetermined duration of time (step s704) to diagnose for abnormalities (step s705). When the operational data is
determined to be abnormal, process skips to step s708, and information indicating that the abnormality diagnostic results
according to statistical distances suggest abnormality in the operational data would be the output of the monitoring and
diagnosing device 1. Conversely, if the abnormality diagnosing section 103 determines that, as a result of the abnormality
diagnosis after compiling the normalized statistical distances, the operational data are normal, process proceeds to step
s706. The frequency comparator section 104 receives and collects the nearest-neighbor classification numbers from
the data classifier section 101 at a predetermined duration of time. Then, reference frequency ratios are read in from
the frequency information storage section 105, and the frequency ratios of the compiled nearest-neighbor classification
numbers are compared with the reference frequency ratios to thereby generate frequency comparison data (step s706).
The abnormality diagnosing section 103 generates diagnostic results according to the frequency comparison data (step
s707). Finally, the monitoring and diagnosing device 1 outputs as the result of the diagnosis that the abnormality diagnostic
result according to statistical distances is normal, and in addition, whether the abnormality diagnostic result according
to frequency ratios indicates the operational data to be normal or abnormal.

[0040] The configuration and operation of the hydraulic excavator are described below using Figs. 8A and 8B. The
hydraulic excavator 8 can perform excavation and other operations with the equipped actuating mechanisms. A bucket
801, an arm 802, and a boom 803 are actuated by hydraulic cylinders 811, 812 and 813. These elements related to
excavation are usually collectively called the front. Expansion/contraction of the cylinders 811 to 813 actuates the bucket
801, the arm 802, and the boom 803. The hydraulic excavator 8 is also mounted with a vehicle body controller (control
unit, described later) for controlling each actuating mechanism and collecting/monitoring the information sent from sen-
sors. Additionally, as shown in Fig. 8A, the hydraulic excavator 8 includes a swinging mechanism 804 that rotates a
main body 806 of the vehicle, and a crawler unit 805 as a traveling mechanism for the entire hydraulic excavator. The
swinging mechanism 804 is equipped with a hydraulic motor (not shown), and the body 806 can swing horizontally with
respect to the traveling mechanism by driving the hydraulic motor of the swinging mechanism 804.

[0041] The crawler unit 805 includes aright crawler 805a and a left crawler 805b, designed such that each can operate
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independently. Pressure sensors for measuring the tension control state of the crawlers 805a and 805b are also provided,
and data from these sensors are monitored by the controller. The hydraulic excavator can travel forward when the right
crawler 805a and the left crawler 805b are both rotating in the forward direction, as shown in Fig. 8B. Meanwhile, for
example, when the right crawler 805a rotates forward and the left crawler 805b rotates backward, the entire hydraulic
excavator will rotate counterclockwise.

[0042] Fig. 9 shows the controller network installed in the hydraulic excavator. The controller network for the hydraulic
excavator includes an engine controller 21, the vehicle body controller 22, a monitor controller 23, an engine measuring
unit 24, a hydraulic system measuring unit 25, and a data recorder 9. The engine measuring unit 24 is connected to the
engine controller 21, and the engine controller 21 is connected to the data recorder 9 via a first common communication
line 27A. The vehicle body controller 22, the monitor controller 23, and the hydraulic system measuring unit 25 are
connected to the data recorder 9 via a second common communication line 27b.

[0043] The engine controller 21 controls an electronic governor 28 to thereby control the fuel injection rate of the
engine. The vehicle body controller 22 is driven by the engine and controls a main pump that supplies hydraulic fluid to
actuators such as the hydraulic cylinders and the hydraulic motor, and to other hydraulic equipment. The monitor controller
23 is connected to a display unit 31 and an operating section 32, and performs control relative to displaying on the
display unit 31 in accordance to an input operation through the operating section 32.

[0044] The engine measuring unit 24 receives and collects detection signals that are input from sensors for detecting
state quantities of various devices and units relating to the engine. Fig. 9 shows as the sensors for detecting the state
quantities a rotational speed sensor 34 that detects the rotational speed of the engine and temperature sensors 35a to
35n that detect the temperatures of exhaust gases released from the cylinders of the engine. In the case of a very large
hydraulic excavator, the number of cylinders in the engine is, for example, 16 and that of temperature sensors 35a to
35nis also 16 (n = 16).

[0045] The hydraulic system measuring unit 25 receives and collects detection signals that are input from sensors for
detecting state quantities of various devices and units relating to the hydraulic system. Fig. 9 shows as the sensors for
detecting the state quantities pressure sensors 36a to 36n that detect operating pilot pressures generated by control
lever devices (the operating pilot pressures are hereinafter referred to simply as the operating pressures), and a pressure
sensor 37 that detects track tension (pressure). The control lever devices specify the operation of the boom, arm, and
bucket as well as operations such as swinging and traveling. The control valve switches in accordance to the generated
operating pressure, whereby the flow of hydraulic fluid supplied to the actuators such as the hydraulic cylinder and the
hydraulic motor are controlled and in turn the operation of the actuators would be controlled. Thus, the operation of the
boom, arm, and bucket and other operations such as swinging and traveling are controlled.

[0046] The data recorder 9 receives, in addition to the state quantity data collected by the engine measuring unit 24
and the hydraulic system measuring unit 25, data that are necessary among the input and output data of the engine
controller 21, the vehicle body controller 22, and the monitor controller 23 at predetermined time intervals via the first
and second common communication lines 27A and 27B. The received data are recorded as sensor data in the data
recorder 9.

[0047] Thevehicle body controller 22 includes the monitoringand diagnosing device 1. In order to conduct the diagnostic
processing shown in Fig. 7, the controller 22 accesses the data recorder 9 to collect and record sensor data of a
predetermined time period (information on the various sensors collected by the engine measuring unit 24 and the
hydraulic system measuring unit 25) that have been stored in the data recorder 9, and monitors the data.

[0048] In addition, a personal computer 11 can be connected to the data recorder 9. Downloading the sensor data
stored in the data recorder 9 into the personal computer 11, the diagnosis of the hydraulic excavator can likewise be
conducted by using a monitoring and diagnosing device 1 installed in the personal computer 11. Alternatively, the sensor
data stored in the data recorder 9 can be periodically transmitted via a wireless device 13 and an antenna 14 to a server
(not shown) in a management/control office. The diagnosis of the hydraulic excavator can then be conducted at the
administration/control office.

[0049] Next, beneficial operational effects of the present embodiment having the above configuration are described
below.

[0050] Figs. 10 and 11 are graphs showing the operating pressures (operational data) and track tension (pressure)
measured by the pressure sensors 36a to 36n, 37 and recorded and monitored by the vehicle body controller 22 (mon-
itoring and diagnosing device 1). Fig. 10 shows the operational data obtained during normal operation, and Fig. 11 shows
the operational data obtained during abnormal operation. In Figs. 10 and 11, track tension (pressure) is presented at
the uppermost row, and below that the boom operating pressure, arm operating pressure, bucket operating pressure,
swinging pressure, and traveling pressure are shown in that order.

[0051] Track tension (pressure) abnormality 1101 is detected in Fig. 11, and this abnormality is recorded by the
monitoring and diagnosing device 1. Of all operational data exclusive of the data on track tension (pressure), the oper-
ational data obtained during normal operation are learned by a learning unit. From the learned data, operation pattern
data (reference classification information) and operation frequency data (reference frequency information) are created



10

15

20

25

30

35

40

45

50

55

EP 2 530 209 B2

and stored beforehand inside the classification information storage section 102 and the frequency information storage
section 105 in the monitoring and diagnosing device 1, which are shown in Fig. 1. When operational data of when the
vehicle is operating abnormally is input to the monitoring and diagnosing device 1, the previously stored operation pattern
data (reference classification information) and the pressure sensor values of the operational data are compared, as
shown in Fig. 12. For each operational data, the operation pattern with which the statistical distance become the smallest
is selected, and the nearest-neighbor statistical distance D relative to that operation pattern is calculated, and then the
normalized statistical distance "d" is calculated. Referring to Fig. 12, the horizontal axis represents the operation time
of the machine (in the order that the operational data were input), and the vertical axis represent the normalized statistical
distance. Fig. 12 shows the normalized statistical distance 1201 at each time-of-day and also the moving average values
1202 of the distances 1201 in a predetermined time (here, 50 unit time). It can be seen that even under abnormal
operation, the moving average values of the normalized statistical distances are no larger than the threshold level one,
and there is no significant difference with respect to the operation pattern data corresponding to normal operation.
[0052] Fig. 13 is a diagram showing the frequency ratios of respective operation patterns appearing when the track
tension is too strong (abnormal operation), and those of when the track tension is weak (normal operation). The horizontal
axis denotes the operation patterns of the machine (i.e., classification data of operational data), and the vertical axis
denotes the frequency ratio of each operation pattern. Fig. 13 indicates that the frequency ratios of under normal operation
and those of under abnormal operation completely have different distribution. For instance, at pattern numbers 12, 20,
and 21, frequencies underabnormal operation (track tension strong) are high compared with those under normal operation
(track tension weak). Among the three pattern numbers, the operation pattern number 21 has the highest frequency
under abnormal operation, and Fig. 14 shows the details of the operational data patterns thereof. The dominating
operation patterns are right crawler backward operation and left crawler forward operation, which indicates that abnormal
operation that causes the track tension (pressure) to increase is occurring upon counterclockwise rotation of the shovel.
Through such a process, abnormal operation can be detected and the operational data patterns associated therewith
can be found, which contribute to abnormality detection and cause analysis.

[0053] Asdescribed above, according to this embodiment, even if the similarity between the input signals under normal
operation and those under abnormal operation is strong, an appropriate diagnosis can be executed without causing a
determination error.

[0054] Fig. 15 shows the change in the operational state of the engine and the sensor values of the operating pressures
for various kinds of operations of the hydraulic excavator. This graph indicates that the rotational speed of the engine
which drives the main pump so as to produce hydraulic pressure is changing according to the operation of the hydraulic
excavator. In the non-operating time zone 1501, since no operation occurs, the engine is also running in a low-speed
range. The rate at which a non-operating time zone occurs may change from time to time, so it is suitable that only the
time during which a machine is operating be target of monitoring and diagnosing. Therefore, only the operational data
obtained while work was being carried out may be analyzed referring to the operational state of the engine or the operating
pressure sensor values.

[0055] Fig. 16 shows the operational states of the engine in the hydraulic excavator divided in two periods of time,
namely, the first and second period. In Fig. 17, operation patterns and their respective frequencies are shown for each
of the two periods. Focusing on the frequencies 1701 of the two of the operation pattern 7 in Fig. 17, the frequency is
higher in the second period than that in the first period. As Fig. 18 shows the operation pattern 7 is a pattern indicative
of a non-operating state in which no hydraulic excavator operation is underway. That is to say, it can be considered that
the non-operating time period has increased in the second period compared to that in the first period, and such an
operation pattern should not be taken into account.

[0056] In this embodiment, the user can exclude, from all classification data (reference classification information), the
classification data corresponding to a non-operating time. Selecting the other classification data, the data classifier
section 101 can generate operational data classification information (nearest-neighbor classification numbers and nor-
malized statistical distances) with the classification data and diagnostic data corresponding to a non-operating time
removed. This allows the frequency comparator section 104 in Fig. 1 to derive more accurate frequencies "hi" or frequency
ratios "ei" insusceptible to a non-operating time, and thus enables an appropriate diagnosis low in determination error rate.
[0057] Figs. 19 and 20 are diagrams showing temperature sensor values (operational data) of the exhaust temperature
of each engine cylinder in the hydraulic excavator measured in different periods of time by the temperature sensors 35a-
35n and then recorded and monitored by the vehicle body controller 22 (the monitoring and diagnosing device 1). Fig.
19 shows the operational data obtained in a third period during normal operation, and Fig. 20 shows the operational
data obtained in a fourth period during abnormal operation. The frequencies of the operation patterns (classification data
of operational data) in the third and fourth periods are compared in Fig. 21. As shown in Fig. 21, the frequencies of the
two of the operation patterns 13 and 26 differ significantly, and referring to Fig. 22 which shows the exhaust temperature
of each operation pattern in abnormal operation (fourth period), the temperature sensor values of the operation patterns
13 and 26 are higher than any other operation patterns. This indicates that the engine exhaust temperature distribution
differ between the two periods.
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[0058] As described above, according to this embodiment, abnormality can be detected by comparing the frequencies
of the operation patterns of the hydraulic excavator with standard data.

Second Embodiment

[0059] Fig. 23 is a diagram showing the configuration of a monitoring and diagnosing device according to a second
embodiment of the present invention.

[0060] The monitoring and diagnosing device 1a is such that a display unit 2301 is added to the configuration shown
in Fig. 1. The display unit 2301 can be, for example, the display 31 shown in Fig. 9, or if the monitoring and diagnosing
device 1a is installed in the personal computer 11, the display unit 2301 can be the display of the personal computer
11. The display unit 2301 receives the output from the frequency comparator section 104 or the abnormality diagnosing
section 103 and displays the contents of the output.

[0061] Fig. 24 shows the process flow relative to displaying of the operational data frequency comparison information
generated by the frequency comparator section 104, which is one of the processing functions of the monitoring and
diagnosing device shown in Fig. 23.

[0062] In the monitoring and diagnosing device 1a, the data classifier section 101 reads in diagnostic data from an
external element (step s2401) and also reads in classification data from the classification information storage section
102 (step s2402). After that, the data classifier section 101 compares the diagnostic data and the classification data and
generates nearest-neighbor classification number data and normalized statistical distance data (step s2403). The fre-
quency comparator section 104 receives and compiles the nearest-neighbor classification number data from the data
classifier section 101 at a predetermined duration of time. Reference frequency ratios are read in from the frequency
information storage section 105 to compare therewith the frequency ratios of the compiled nearest-neighbor classification
numbers, thereby generating frequency comparison data (step s2404). Finally, the display unit 2301 receives the fre-
quency comparison data from the frequency comparator section 104 and displays it in such a display format as in Fig.
21 (step s2405). In the display example of Fig. 21, the reference frequency ratio 2101 (reference frequency information)
and the compiled frequency ratio 2102 are displayed for each classification number respectively.

[0063] Display of frequency comparison data on the display unit 2301 in a display format as above enables abnormality
detection to be determined or verified based on the user’s judgment.

[0064] Fig. 25 shows diagnostic results output from the abnormality diagnosing section 103, which is an example of
an output screen display of when it has been determined that the frequency ratio data 2102 has an abnormality as a
result of comparison with the reference frequency ratio data 2101 (reference frequency information) from the frequency
comparison data as shown in Fig. 21. In this example, increase in the frequencies of operation patterns 13 and 26 are
displayed, which correspond to the graphical representation of the frequency data for "13" and "26" in "Operation Pattern
No" of Fig. 21. Reference link specification items 2502 and 2503 are specified to display detailed information on the
operation patterns 13 and 26, respectively. For example, if reference link specification 2502 is selected, such a detailed
information display screen 2604 as shown in Fig. 26 appears. The user can view detailed information on the operation
pattern 13 and confirm the increase tendency of the operation pattern by checking frequency data 2601 and reference
frequency ratio data 2602. At the same time, information on the sensor data can be viewed as a sensor data pattern
2603 which corresponds to that of the same operation pattern 13 showed in Fig. 22. In this example, sensor data patterns
of other operation patterns are also displayed from a viewpoint of comparative display.

[0065] Operation relative to Figs. 25 and 26 is described below using the configuration diagram of Fig. 23 and the flow
diagram of Fig. 27. Fig. 27 shows a process flow of display of diagnostic result data generated by the abnormality
diagnosing section 103, which is one of the processing functions of the monitoring and diagnosing device shownin Fig. 23.
[0066] In the monitoring and diagnosing device 1a, the data classifier section 101 reads in diagnostic data from an
external element (step s2701) and also reads in classification data from the classification information storage section
102 (step s2702). After that, the data classifier section 101 compares the diagnostic data and the classification data and
generates nearest-neighbor classification numbers and normalized statistical distances (step s2703). Next, the abnor-
mality diagnosing section 103 receives the normalized statistical distances from the data classifier section 101 and
compiles them at a predetermined duration of time (step s2704), and then performs abnormality diagnosis (step s2705).
When the operational data is determined to be abnormal, process skips to step s2708. The result of the diagnosis, that
the operational data was judged to be abnormal by the abnormality diagnosis according to statistical distances, is output
to the display unit 2301 as the diagnostic result data and displayed thereon (step s2708). Conversely, when the operational
data is determined to be normal as a result of diagnosis on the compiled normalized statistical distances, process
proceeds to step s2706. The frequency comparator section 104 receives and compiles the nearest-neighbor classification
numbers from the data classifier section 101 at a predetermined duration. Reference frequency ratios are read in from
the frequency information storage section 105 to compare therewith the frequency ratios of the compiled nearest-neighbor
classification numbers, thereby generating frequency comparison data (step s2706). The abnormality diagnosing section
103 generates diagnostic results according to the frequency comparison data (step s2707), and outputs to the display
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unit 2301 as the diagnostic result data that the abnormality diagnostic result according to statistical distances is normal,
and in addition, outputs whether the abnormality diagnostic result according to frequency ratios indicates the operational
data to be normal or abnormal. The display unit 2301 receives the diagnostic result data and displays them (step s2708).
[0067] The monitoring and diagnosing device 1a shown in Fig. 23 incorporates the abnormality diagnosing section
103 and the monitoring and diagnosing device 1a itself detects abnormality. Alternatively, the monitoring and diagnosing
device 1a may not incorporate the abnormality diagnosing section 103 and instead be configured to display only the
frequency comparison data that the frequency comparator section 104 outputs. A monitoring and diagnosing device 1a
configured as such can also implement abnormality detection based on the user’s judgment as described above.
[0068] Fig. 28 shows another display example of frequency comparison data. In this figure, the polygonal line denotes
the frequency comparison data of the operation patterns of the exhaust temperature sensor data obtained in the hydraulic
excavator in the third and fourth periods shown in Figs. 19 and 20, calculated according to Expression 7 (test rate or
"Rate"), whereas the bar graph denotes the reference frequency ratios used in Expression 7 (i.e., the reference frequency
ratios 2101 in Fig. 21). In this example, attention needs to be paid to the operation patterns 13 and 26, because while
the operation patterns having high frequencies are patterns such as 13, 14, and 26, patterns whose test ratio exceeds
one among them, in other words, whose test ratio has increased, are the two operation patterns 13 and 26.

[0069] Fig.29shows the configuration ofa classification information generating device 29. The classification information
generating device 29 includes a classification information generator section 2901 and a classification information storage
section 102.

[0070] As learning data is input from an external element, the classification information generator section 2901 gen-
erates classification data from the learning data in accordance with a setting value previously held in the classification
information generator section 2901. More specifically, the classification information generator section 2901 uses a
method, such as k-means, to calculate clusters of the learning data and derive center-of-gravity coordinates in each
cluster, and then holds the center-of-gravity coordinates for each data item as shown in Fig. 3. Here, each classification
data assigned with a specific classification number corresponds to the information of each cluster. During the cluster
calculation, the radius of each cluster are also derived and held. The radius is derived by, for example, calculating the
Euclidean distances between the center-of-gravity coordinates and the respective data belonging to each cluster using
Expression 3, and the average or maximum value of those Euclidean distances is used as the radius. The setting value
previously held in the classification information generator section 2901 corresponds to, when the k-means method is
used, the number of classified clusters. In the case of Fig. 3, the previously held setting value, that is, the number of
clusters is "m", which means that "m" clusters (sets of classification data) are generated. The data item values and radius
of each calculated classification (cluster) are output to the classification information storage section 102 to be recorded
and saved.

[0071] Fig. 30 shows the configuration of a frequency information generating device 30. The frequency information
generating device 30 includes a data classifier section 3001 (a second data classifier section), a classification information
storage section 102, a frequency information generator section 3002, and a frequency information storage section 105.
The data classifier section 3001 has the same functions as that of the data classifier section 101 included in the monitoring
and diagnosing device 1.

[0072] As learning data is input from an external element, the data classifier section 3001 reads out the classification
data previously stored in the classification information storage section 102, classifies the learning data, and outputs the
classification numbers in order as in Fig. 4. The frequency information generator section 3002 receives the classification
numbers that the data classifier section 3001 has output in association with the learning data, generates frequency data
as in Fig. 5, and outputs the frequency table data to the frequency information storage section 105 wherein the data is
saved.

[0073] Fig. 31 is a diagram showing the configuration of a monitoring and diagnosing device 1b which is implemented
by endowing the monitoring and diagnosing device 1 with the functions of the classification information generating device
29 and the frequency information generating device 30. In the monitoring and diagnosing device 1b, the data classifier
section 101 in the monitoring and diagnosing device 1 shown in Fig. 1 is shared with the data classifier section 3001 of
the frequency information generating device 30, and the frequency information generating function, which has been
includedin the frequency comparator section 104 in the monitoring and diagnosing device 1, is separated as the frequency
information generator section 3002.

[0074] Such configuration allows one device to perform both the creation of classification information and frequency
information using learning data and the abnormality diagnosis of diagnostic data.

Description of Reference Numbers
[0075]

1 Monitoring and diagnosing device
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8 Hydraulic excavator

9 Data recorder

11 Personal computer

13 Wireless device

14 Antenna

21 Engine controller

22 Vehicle body controller

23 Monitor controller

24 Engine measuring unit

25 Hydraulic system measuring unit

27A First common communication line

27B Second common communication line

28 Electronic governor

29 Classification information generating device
30 Frequency information generating device
31 Display

34 Engine speed sensor

35a-35n Temperature sensors

36a-36n Pressure sensors

37 Pressure sensor

101 Data classifier section (First data classifier section)
102 Classification information storage section
103 Abnormality diagnosing section

104 Frequency comparator section

105 Frequency information storage section
501 Frequency table

601 Duration data

602 Reference frequency table

801 Bucket

802 Arm

803 Boom

804 Swinging mechanism

805 Crawler unit

805a Right crawler

805b Left crawler

806 Vehicle body

811, 812, 813 Hydraulic cylinders

1101 Track tension (pressure) abnormality
1201 Normalized statistical distance

1501 Non-operating time zone

2101 Reference frequency ratio data

2102 Frequency ratio

2502, 2503 Reference link specification

2601 Frequency data

2602 Reference frequency ratio data

2603 Sensor data pattern

2604 Detailed information display screen
2901 Classification information generator section
3001 Data classifier section (Second data classifier section)
3002 Frequency information generator section

Claims

1. A construction machine comprising a device for monitoring and diagnosing abnormality of the construction machine
in which the monitoring and diagnosing device receives and inputs in time sequence operational data of the con-
struction machine detected by a plurality of sensors (34, 35a to 35n, 36a to 36n, 37) and performs abnormality
diagnosis on the construction machine using the received operational data,
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characterized in that the monitoring and diagnosing device comprises:

a classification information storage section (102) in which reference classification information is stored;

a frequency information storage section (105) in which reference frequency information is stored;

a first data classifier section (101) which reads out the reference classification information from the classification
information storage section, compares the operational data, which were detected by the plurality of sensors
and inputted in time sequence, with the reference classification information to thereby classify the operational
data, and then generates operational data classification information;

a frequency comparator section (104) which compiles the operational data classification information, generates
operational data frequency information by adding, to the operational data classification information, appearance
frequency information for each of the classifications of the operational data, reads out the reference frequency
information from the frequency information storage section, and then generates operational data frequency
comparison information by comparing the operational data frequency information with the reference frequency
information; and

an abnormality diagnosing section (103) which performs an abnormality diagnosis upon the construction machine
by use of the operational data classification information and the operational data frequency comparison infor-
mation.

The construction machine according to claim 1, the device for monitoring and diagnosing abnormality of the con-
struction machine further comprising:

adisplay unit (2301) which displays at least one of the operational data frequency comparison information generated
by the frequency comparator section (104) and diagnostic result data from the abnormality diagnosing section.

The construction machine according to claim 2, wherein:

the abnormality diagnosing section (103) diagnoses that the operational data is abnormal when, as a result of
an abnormality diagnosis upon the construction machine using the operational data frequency comparison
information, a predetermined difference is detected between the operational data frequency information and
the reference frequency information; and

the display unit (104) displays the diagnostic results.

The construction machine according to claim 3, wherein:

the display unit (104) displays, when the predetermined difference is detected between the operational data frequency
information and the reference frequency information, part of the operational data classification information related
with the difference.

The construction machine according to any one of claims 1 to 4, wherein:

the first data classifier section (101) extracts only preselected reference classification information of all the reference
classification information stored in the classification information storage section (102), and also extracts only oper-
ational data associated with the preselected reference classification information of all the operational data detected
by the plurality of sensors and inputted in time sequence, and then compares the extracted operational data with
the extracted reference classification information to generate the operational data classification information.

The construction machine according to any one of claims 1 to 5, the device for monitoring and diagnosing abnormality
of the construction machine further comprising:

a classification information generator section (2901) which receives and inputs in time sequence operational data
of the construction machine detected by the plurality of sensors, compares the similarity of the operational data to
each other so as to classify the operational data, and generates reference classification information which are stored
into the classification information storage section.

The construction machine according to claim 6, the device for monitoring and diagnosing abnormality of the con-
struction machine further comprising:

a second data classifier section (3001) which compares operational data, detected by the plurality of sensors
and inputted in time sequence, with the reference classification information generated by the classification
information generator section (2901), classifies the operational data by the comparison, and generates opera-
tional data classification information; and

afrequency information generator section (3002) which compiles the operational data classification information,
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adds thereto appearance frequency information for each of the classifications of the operational data, and thus
generates reference frequency information which are stored into the frequency information storage section.

Patentanspriiche

1.

Baumaschine, die eine Vorrichtung zum Uberwachen und Diagnostizieren von Anomalien der Baumaschine umfasst,
bei der die Uberwachungs- und Diagnosevorrichtung von einer Mehrzahl von Sensoren (34, 35a bis 35n, 36a bis
36n, 37) erfasste Betriebsdaten der Baumaschine in zeitlicher Abfolge empfangt und aufnimmt und eine Anomali-
ediagnose an der Baumaschine unter Verwendung der empfangenen Betriebsdaten durchfiihrt, dadurch gekenn-
zeichnet, dass die Uberwachungs- und Diagnosevorrichtung umfasst:

einen Klassifizierungsinformations-Speicherabschnitt (102), in dem Referenz-Klassifizierungsinformationen ge-
speichert sind;

einen Haufigkeitsinformations-Speicherabschnitt (105), in dem Referenz-Haufigkeitsinformationen gespeichert
sind;

einen ersten Datenklassifiziererabschnitt (101), der die Referenz-Klassifizierungsinformationen aus dem Klas-
sifizierungsinformations-Speicherabschnitt ausliest, die von der Mehrzahl von Sensoren erfassten und in zeit-
licher Abfolge eingegebenen Betriebsdaten mit den Referenz-Klassifizierungsinformationen vergleicht, um da-
durch die Betriebsdaten zu klassifizieren, und dann Betriebsdaten-Klassifizierungsinformationen erzeugt;
einen Haufigkeitskomparatorabschnitt (104), der die Betriebsdaten-Klassifizierungsinformationen zusammen-
stellt, Betriebsdaten-Haufigkeitsinformationen erzeugt, indem er zu den Betriebsdaten-Klassifizierungsinforma-
tionen Auftrittshaufigkeitsinformationen fiir jede der Klassifizierungen der Betriebsdaten hinzufligt, die Referenz-
Haufigkeitsinformationen aus dem Haufigkeitsinformationsspeicherabschnitt ausliest und dann Betriebsdaten-
Haufigkeitsvergleichsinformationen erzeugt, indem er die Betriebsdaten-Haufigkeitsinformationen mit den Re-
ferenz-Haufigkeitsinformationen vergleicht; und

einen Anomalie-Diagnoseabschnitt (103), der eine Anomaliediagnose an der Baumaschine unter Verwendung
der Betriebsdatenklassifizierungsinformationen und der Betriebsdaten-Haufigkeitsvergleichsinformationen
durchfihrt.

Baumaschine nach Anspruch 1, wobei die Vorrichtung zum Uberwachen und Diagnostizieren von Anomalien der
Baumaschine ferner umfasst:

eine Anzeigeeinheit (2301), die die Betriebsdaten-Haufigkeitsvergleichsinformationen, die durch den Haufigkeits-
vergleichsabschnitt (104) erzeugt werden, und/oder Diagnoseergebnisdaten aus dem Anomalie-Diagnoseabschnitt
anzeigt.

Baumaschine nach Anspruch 2, wobei:

der Anomalie-Diagnoseabschnitt (103) diagnostiziert, dass die Betriebsdaten anormal sind, wenn als Folge
einer Anomaliediagnose an der Baumaschine unter Verwendung der Betriebsdaten-Haufigkeitsvergleichsin-
formationen eine vorbestimmte Differenz zwischen den Betriebsdaten-Haufigkeitsinformationen und den Re-
ferenz-Haufigkeitsinformationen erfasst wird;

und die Anzeigeeinheit (104) die Diagnoseergebnisse anzeigt.

Baumaschine nach Anspruch 3, wobei:

die Anzeigeeinheit (104), wenn die vorbestimmte Differenz zwischen den Betriebsdaten-Haufigkeitsinformationen
und den Referenz-Haufigkeitsinformationen erfasst wird, einen mit der Differenz zusammenhangenden Teil der
Betriebsdaten-Klassifizierungsinformationen anzeigt.

Baumaschine nach einem der Anspriiche 1 bis 4, wobei:

der erste Datenklassifiziererabschnitt (101) nur vorgewahlte Referenz-Klassifizierungsinformationen aus allen im
Klassifizierungsinformationsspeicherabschnitt (102) gespeicherten Referenz-Klassifizierungsinformationen extra-
hiert und auch nur Betriebsdaten extrahiert, die mit den vorgewahlten Referenz-Klassifizierungsinformationen aller
von der Mehrzahl von Sensoren erfassten und in zeitlicher Abfolge eingegebenen Betriebsdaten verknupft sind,
und dann die extrahierten Betriebsdaten mit den extrahierten Referenz-Klassifizierungsinformationen vergleicht,
um die Betriebsdaten-Klassifizierungsinformationen zu erzeugen.

Baumaschine nach einem der Anspriiche 1 bis 5, wobei die Vorrichtung zur Uberwachung und Diagnose von
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Anomalien der Baumaschine ferner umfasst:

einen Klassifizierungsinformations-Generatorabschnitt (2901), der Betriebsdaten der von der Mehrzahl von Senso-
ren erfassten Baumaschine in zeitlicher Abfolge empfangt und aufnimmt, die Ahnlichkeit der Betriebsdaten mitein-
ander vergleicht, um die Betriebsdaten zu klassifizieren, und Referenz-Klassifizierungsinformationen erzeugt, die
in dem Klassifizierungsinformations-Speicherabschnitt gespeichert sind.

Baumaschine nach Anspruch 6, wobei die Vorrichtung zum Uberwachen und Diagnostizieren von Anomalien der
Baumaschine ferner umfasst:

einen zweiten Datenklassifiziererabschnitt (3001), der Betriebsdaten, die von der Mehrzahl von Sensoren erfasst
und in zeitlicher Abfolge eingegeben werden, mit den durch den Klassifizierungsinformations-Generatorab-
schnitt (2901) erzeugten Referenz-Klassifizierungsinformationen vergleicht, die Betriebsdaten durch den Ver-
gleich klassifiziert und Betriebsdaten-Klassifizierungsinformationen erzeugt; und

einen Haufigkeitsinformations-Generatorabschnitt (3002), der die Betriebsdaten-Klassifizierungsinformationen
zusammenstellt, diesen Auftrittshaufigkeitsinformationen fiir jede der Betriebsdaten-Klassifizierungen hinzufligt
und so Referenz-Haufigkeitsinformationen erzeugt, die in dem Haufigkeitsinformations-Speicherabschnitt ge-
speichert sind.

Revendications

Machine de chantier comprenant un dispositif de surveillance et de diagnostic d'anomalie de la machine de chantier
dans laquelle le dispositif de surveillance et de diagnostic recoit et entre en séquence temporelle des données
opérationnelles de la machine de chantier détectées par une pluralité de capteurs (34, 35a a 35n, 36a a 36n, 37)
et effectue un diagnostic d’anomalie sur la machine de chantier en utilisant les données opérationnelles regues,
caractérisée en ce que le dispositif de surveillance et de diagnostic comprend :

une section de stockage d’informations de classification (102) dans laquelle des informations de classification
de référence sont stockées ;

une section de stockage d’informations de fréquence (105) dans laquelle des informations de fréquence de
référence sont stockées ;

une premiéere section de classification de données (101) qui lit les informations de classification de référence
de la section de stockage d’informations de classification, compare les données opérationnelles, qui ont été
détectées par la pluralité de capteurs et entrées en séquence temporelle, aux informations de classification de
référence pour ainsi classifier les données opérationnelles, et puis génére des informations de classification
de données opérationnelles ;

une section de comparaison de fréquence (104) qui compile les informations de classification de données
opérationnelles, génére des informations de fréquence de données opérationnelles en ajoutant, auxinformations
de classification de données opérationnelles, des informations de fréquence d’apparition pour chacune des
classifications des données opérationnelles, lit les informations de fréquence de référence dans la section de
stockage d’informations de fréquence, et puis génere des informations de comparaison de fréquence de données
opérationnelles en comparant les informations de fréquence de données opérationnelles aux informations de
fréquence de référence ; et

une section de diagnostic d'anomalie (103) qui effectue un diagnostic d’'anomalie sur la machine de chantier
en utilisant les informations de classification de données opérationnelles et les informations de comparaison
de fréquence de données opérationnelles.

Machine de chantier selon la revendication 1, le dispositif de surveillance et de diagnostic d’anomalie de la machine
de chantier comprenant en outre :

une unité d’affichage (2301) qui affiche au moins un élément parmi des informations de comparaison de fréquence
de données opérationnelles générées par la section de comparaison de fréquence (104) et des données de résultat
de diagnostic provenant de la section de diagnostic d’anomalie.

Machine selon la revendication 2, dans laquelle :
la section de diagnostic d’anomalie (103) diagnostique que les données opérationnelles sont anormales quand,

a titre de résultat d’'un diagnostic d’anomalie sur la machine de chantier en utilisant les informations de com-
paraison de fréquence de données opérationnelles, une différence prédéterminée est détectée entre les infor-
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mations de fréquence de données opérationnelles et les informations de fréquence de référence ; et
l'unité affichage (104) affiche les résultats de diagnostic.

Machine de chantier selon la revendication 3, dans laquelle :

I'unité d’affichage (104) affiche, quand la différence prédéterminée est détectée entre les informations de fréquence
de données opérationnelles et les informations de fréquence de référence, une partie des informations de classifi-
cation de données opérationnelles relatives a la différence.

Machine de chantier selon I'une quelconque des revendications 1 a 4, dans laquelle :

la premiere section de classification de données (101) extrait uniquement des informations de classification de
référence présélectionnées parmil’ensemble des informations de classification de référence stockées dans la section
de stockage d'informations de classification (102), et extrait également uniquement des données opérationnelles
associées aux informations de classification de référence présélectionnées parmil'’ensemble des données opéra-
tionnelles détectées par la pluralité de capteurs et entrées en séquence temporelle, et puis compare les données
opérationnelles extraites aux informations de classification de référence extraites pour générer les informations de
classification de données opérationnelles.

Machine de chantier selon I'une quelconque des revendications 1 a 5, le dispositif de surveillance de diagnostic
d’anomalie de la machine de chantier comprenant en outre :

une section de génération d’'informations de classification (2901) qui recoit et entre en séquence temporelle des
données opérationnelles de la machine de chantier détectées par la pluralité de capteurs, compare la similarité des
données opérationnelles les unes aux autres de maniére a classifier les données opérationnelles, et génére des
informations de classification de référence qui sont stockées dans la section de stockage d’'informations de classi-
fication.

Machine de chantier selon la revendication 6, le dispositif de surveillance et de diagnostic d’anomalie de la machine
de chantier comprenant en outre :

une seconde section de classification de données (3001) qui compare des données opérationnelles, détectées
par la pluralité de capteurs et entrées en séquence temporelle, aux informations de classification de référence
générées par la section de génération d’informations de classification (2901), classifie les données opération-
nelles par la comparaison, et génére des informations de classification de données opérationnelles ; et

une section de génération d’informations de fréquence (3002) qui compile les informations de classification de
données opérationnelles, ajoute a celles-ci des informations de fréquence d’apparition pour chacune des clas-
sifications des données opérationnelles, et génere par conséquent des informations de fréquence de référence
qui sont stockées dans la section de stockage d’informations de fréquence.
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